The anticipatory behaviour of animals has been credited with enabling scientists to more closely infer 2 what an animal wants. From a welfare perspective, this knowledge could improve how we care for 3 animals under our management, as information about how animals prioritise rewarding items may 4 guide how we allocate resources effectively. Our goal was to determine if behaviour in anticipation 5 of different types of reward was differentially expressed. We investigated whether certain behaviours 6 were characteristic of anticipation of both food and non-food rewards, and whether signals indicating 7 rewards led to increased activity levels. Twelve laying hens experienced a Pavlovian conditioning 8 paradigm using sound cues to signal the availability of two different food rewards (mealworms, 9 normal food), one non-food reward (a container of mixed soil and sand substrate suitable for foraging 10 and dustbathing (Dusty substrate)) and a sound-neutral event, which was signalled by a sound, but no 11 reward was given. A muted-neutral treatment (no reward and no sound cue) controlled for any 12 specific behaviour as a result of the sound cues. Behavioural responses and the number of transitions 13 between behaviours were measured during a 15 second anticipatory period, before birds accessed 14 rewards in an adjoining compartment by pushing through a door. These responses and latency to 15 access the rewards were analysed using linear and generalised linear mixed models. 
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INTRODUCTION 37
An important goal of farmers, welfare scientists, and those who create the legal frameworks for food 38 production, is to find an optimal environment that balances production and welfare. One key aspect of 39 animal welfare is to provide an environment in which animals' wants and needs can be satisfied 40 (Dawkins, 2012) . Measuring what animals want, therefore, is crucial to developing animal 41 management systems that provide good welfare. One such method is to investigate the anticipatory 42 behaviour of animals in order to examine how they perceive potential stressors or rewards. 43
44
A reward is defined as anything that an animal will work for (Rolls, 2000) , in contrast to a punisher, 45 which is defined as a stimulus that decreases the probability of actions on which it is contingent 46 (Rolls, 2005) . Neuroscience experiments have revealed that the period between a signal indicating the 47 arrival of a reward and the actual presentation of the reward is when behavioural activity correlates 48 with pleasure-based (dopaminergic) activity in the brain (Berridge, 1996) . Various accounts of 49 anticipatory behaviour have described it as 'preparatory behaviour' (Matthews et al., 1996) , or goal-50 directed behaviour (Wit and Dickinson, 2009 ), leading to and facilitating consummatory behaviour 51 (Berridge, 1996) . Importantly, this state of "wanting" can be directly observed, potentially providing a 52 means of measuring how animals prioritise one reward over another (Dawkins, 2012) . Anticipatory 53 behaviour may also demonstrate how sensitive animals are to a reward (Spruijt et al., 2001 ; van der 54
Harst et al., 2003) , delivering insight into their current welfare state, although caution must be used as 55 the correlation between choices animals make and welfare indicators is not always clear (Nicol et al., 56 2009) . 57
58
In a rewarding environment, animals often exhibit appetitive and consummatory behaviour around 59 certain resources (Spruijt et al., 2001 ). Anticipation requires the ability to make contingent the 60 association that one event precedes another (Greiveldinger et al., 2011), and, therefore, in order to 61 investigate behaviour in anticipation of rewards, one approach is to train animals to associate a 62 stimulus with the arrival of a particular reward. Presentation of the stimulus should subsequently elicit 63 a behavioural response which is reward-related, and therefore may indicate excitement or arousal. 
71
Previous research has produced some conflicting results in terms of characterising anticipatory 72 behaviour in chickens. Kostal et al. (1992) found that broilers showed increased walking prior to their 73 scheduled feeding time, which they interpreted as appetitive foraging behaviour shown in anticipation 74 of the arrival of food. This increase in activity is reminiscent of the activity shown by mammals as 75 described above. However, in a study by Zimmerman et al. (2011) , hens showed no increase in 76 locomotory activity in anticipation of a palatable food reward (mealworm), but increased their activity 77 prior to a negative event (being squirted with water) and during a control treatment. The authors 78 concluded that locomotory activity was not a good indicator of anticipation of a positive event in 79 chickens. In other studies, Moe et al. (2009; 2011; 2013) 
defined anticipatory behaviour in laying 80
hens, based on a description previously made by Buijs et al. (2006) , as arousal-related behaviours, 81 performed in sequence, specifically "standing still or taking slow steps, with legs, body and neck 82 stretched upwards and eyes open, and frequent head movements." After part of this display was 83 movements "in any direction" were under dopaminergic control (Moe et al., 2011) , and suggested that 85 head movements may represent the activation of the dopaminergic reward system in hens. However, 86 the behaviour described was characterised by slow and measured movements rather than by the 87 increased locomotory activity seen in the study done by Kostal et al.(1992) . 88 89 Thus, the research on chickens has not been able to definitely clarify whether chickens demonstrate 90 high or low activity levels in anticipation of rewards. In addition, there is ambiguity around the 91 contexts that elicit head movements; in the study by Zimmerman et al.(2011) , the negative event 92
elicited an increase in the frequency of head movements compared with the positive and the neutral 93 event, a result which seems to contradict the proposal by Moe et al.(2011) that head movements 94 represent activation of the internal reward system in hens. Indeed, Zimmerman et al. (2011) concluded 95 that head movements could express anticipation of a negative event in general, or of their specific 96 negative event, and they also suggested that head movements could indicate increased vigilance, or an 97 effort to locate the source of the sound cue. They also found that comfort behaviour was associated 98 with anticipation of a positive event, and suggested that this behaviour may reflect positive affect in 99 laying hens. These differences in behavioural expression between studies could result from variations 100 in experimental procedure; the study by Kostal et al.(1992) Therefore, the goal of our study was to characterise the behaviour of laying hens in anticipation of 125 different types of reward, and, more specifically, to investigate whether hens differentially express the 126 quality of rewards in their behaviour. In order to provide more conclusive evidence of the general 127 types of behaviour we should expect to see when hens are in a state of "wanting", we also deemed it 128 necessary to investigate whether anticipatory behaviours shown in our experiment were simply food-129 related or could be generalised to other rewarding items. To achieve this, we experimentally induced 130 anticipation of these rewards using a Pavlovian conditioning paradigm. We used items that are known 131 to be rewarding to hens, including two food items (mealworm and normal food) and a tray containing 132 a topsoil/sand substrate suitable for dustbathing (Bruce et al., 2003; Olsson and Keeling, 2005) . 133
134
We predicted that the frequency and duration of behaviours in response to sound cues signalling the 135 rewards would reflect the perceived quality of the different rewards, and that cues signalling food 136 rewards would induce a higher intensity of behavioural expression. We expected that the latency to 137 access the rewards, as a proxy of motivation, would provide a further indicator of the quality of the 138 reward as ranked by the birds. We also reasoned that, if anticipation of rewards elicits appetitive 139 readiness for accessing the reward. Therefore, as our hens were able to see the reward location and 141 had to push through a door to reach the rewards, we expected that they would demonstrate increased 142 activity when rewards were signalled. 143 144
METHODS 145

Subjects and Housing 146
Twelve ISA Brown hens, approximately 18 weeks old, were obtained from the University of 147 Table 1 here 173 174
Experimental Apparatus 175
An experimental pen (200cm long x 125cm wide x 60cm high) was located in a sound-proofed room 176 adjacent to the room in which the birds were housed. The pen contained two compartments of equal 177 size -a waiting compartment and a reward compartment, separated by a wire-mesh partition and 178
connected by a swing door in the middle of the partition. The door could be locked and released by 179 increasing or decreasing an electrical current going through an electromagnet attached to it, and only 180 opened in the direction of the reward compartment. Three of the four walls of the experimental pen 181 were made of plywood and one was made of wire-mesh to allow video recordings of both 182 compartments. A lamp, secured to the middle of the outer wall at 60cm from the floor could be 183 operated by the experimenter who sat behind a screen out of sight of the hens during tests. This light 184 shone into the reward compartment and was used to highlight the reward and indicate that the door 185 was open. 186
187
The apparatus used for rewards were a white food bowl, a tray filled with topsoil / sand mix, and the 188 birds' normal feeders. The topsoil/sand mix was chosen after a review of the literature on functional 189 substrates for dustbathing, and its dry crumbly texture made it an ideal substrate for this purpose 190 were trained to go through the door, the opening width of which was gradually reduced more on each 205 day. During this period, the birds were food deprived for an average of two hours and mealworm were 206 placed in the white bowl in the reward compartment to incentivise the birds to go through the door. 207
Each group of three birds experienced eight consecutive trials. On the final day the door was fully 208
closed, but unlocked, so that the birds had to push through it to gain access to the mealworm. 209
210
In phase two (Days 8 to 13), the birds were individually trained to recognise the specific CS for each 211 of the rewards. The containers containing the dusty substrate were removed from the home pens from 212 this time. In this phase, the door was kept unlocked and birds were given 10 minutes to go through the 213 swing door after their particular CS for Mealworm, Dusty substrate, or Normal Food, was played and 214 the light switched on. All birds entered the compartment within the 10 minute time limit. After 215 consumption of the reward, the light was switched off and the birds were guided back into waiting 216 area by the experimenter. Each cue group was trained for one stimulus on one day and each individual 217 experienced three consecutive trials. Hence, during the six days, each hen experienced six trials of 218 each stimulus with the door unlocked. In phase 3 (Days 14 -17), the swing door was locked and the 219 CS and light signal were made contingent on the behaviour of the bird. Birds were placed individually 220 into the waiting compartment and allowed to try to push through the locked door twice before the CS 221 was played and the light switched on at the same time as the door was unlocked. This procedure was 222 when the bird was not near the door. When the bird went through the door immediately after the 224 CS/light was given in five consecutive trials, the training session was ended and birds were returned 225 to their home pen. In phase 4 (Days 18-19), a trace conditioning procedure (Moe et al., 2009) was 226 used to accustom the hens to an interval between the CS being played and activating the light 227 signalling the door was unlocked. The CS was played for five seconds and the interval between the 228 end of the CS and the light signal was gradually increased from 0 to 15 seconds over five consecutive 229 trials for each individual bird on each day. Birds successfully reached our criterion when they went 230 through the swing door within five seconds after the light had been switched on. In phase 5 (Days 20-231 22), all birds were introduced to their Sound Neutral CS. In these SN trials nothing happened after the 232 light had been switched on. The light was kept on for 15 seconds and then switched off. In phase 6 233 (Days 23-25), rewarded (Mealworm, Dusty substrate, Normal Food) and SN trials were presented in a 234 randomised order, with each cue being presented at least once to each bird on each day. Birds 235 successfully reached our criterion when they went through the swing door within five seconds on 236 every rewarded trial. 237 238
Test Procedure 239
For testing, a bird was collected from her home pen and put in the experimental pen .The order of 240 testing was determined using an orthogonal latin square design where every single condition follows 241 another on two occasions. Each hen received one test session per day on five consecutive days. Birds 242 were deprived of food for an average of 1.5 hours prior to testing, and deprived of a substrate suitable 243 for foraging and dustbathing in their home pens for all five days of the test period. Each test session 244 consisted of presentation of each of five stimuli; three reward treatments (Mealworm, Dusty substrate, 245
Normal Food), one SN and one MN trial. At the start of each session a bird was allowed to habituate 246 to the experimental pen for 30 seconds. Then the appropriate CS was given for five seconds, after 247 which behaviour was recorded for 15 seconds before the light was switched on signalling the door 248 was unlocked. There was no CS in the MN trial, but behaviour was recorded for 15 seconds from 249 when the trial started. In the Mealworm trial, after the CS and the 15 second anticipation period, the 250 door was unlocked and the bird entered the reward compartment and ate the mealworm. Then the light 251 was switched off and the bird was ushered gently into the waiting compartment by the experimenter 252 who held the swing-door open. In the Normal Food trial, the same happened except that the birds 253 were allowed one minute to feed before the light was switched off and the bird was returned to the 254 waiting compartment. In the Dusty substrate trial, the same process was followed except that the birds 255 were allowed to dustbathe or forage (with no food present) for five minutes before the light was 256 switched off and the bird was returned to the waiting compartment. If the birds stopped feeding or 257
foraging / dustbathing and walked away from the stimulus, or engaged in other behaviour in other 258 parts of the pen for a continuous period of 10 seconds, then the trial was ended. In a SN trial, the CS 259 body, yawning and tail wagging) was only infrequently observed during the test periods and therefore 277 was not included in the analysis. Other behaviours omitted from the analysis due to infrequent 278 "Explore Ground", "Peck Ground", "Peck Wall", "Explore Object" and "Scratch Ground". For the 280 final analysis, similar behaviours were merged into related groups of behaviour; "Locomotory 281 behaviour" included Walk, Step and Run, and "Motivational behaviour" incorporated Peck Door and 282
Push Door. The other behaviours included in the analysis were "Stand", and "Alert Head Movements" 283 (see Table 3 ). 284
285
Insert Table 3 to include individual (bird) identity as a random factor, thus enabling us to separate the total variance 300 in the response variable into a within-subject and between-subject variance component. Where LMMs 301 were used, the assumptions of normal distribution, linearity and homoscedasticity of the residuals 302 were checked by visual inspection of residual plots and by Shapiro-Wilks tests. Residuals that 303 deviated from normality were corrected by log transformations. We computed parameter estimates 304 using the maximum likelihood method, and the significance of predictor variables were tested using 305 maximum likelihood ratio tests, (anova function in R). For all LMMs and GLMMs the Chi-squared 306 statistic (χ 2 ) and associated P-values are reported. Post hoc analyses were conducted using the lsmeans 307 package (version 2.20-23) in R, applying the Tukey method to adjust P-values for multiple 308
comparisons. 309 310
The effects of the different treatments on the duration of behaviours during the anticipation period 311 were analysed using LMMs, with each response variable modelled separately. LMMs were also 312 Table 1 for behavioural responses and Appendix 1, Table 3  323 for latency periods. In order to meet the assumptions of the linear mixed model, two behavioural 324
variables (Mot D and Alert D) and two latency period variables (Door to Reward and Enter to 325
Reward) were log (x+1) transformed. One latency period (Door to Enter) did not meet the assumption 326 of normality of residuals, despite attempts at transformation. We therefore conducted a Friedman test 327 in Minitab 17 (Statistical Software (2010). State College, PA: Minitab, Inc,) with Bird as a blocking 328 factor, and post hoc analyses were performed using two-tailed Wilcoxon Signed Rank tests applying 329 a Bonferroni correction, resulting in a significance level set at p=0.02. 330
331
All behaviour frequency response variables (Stand F, Loco F, Mot F, and Alert F), and the 332 Behavioural Transitions variable, consisted of count data. Poisson models, and other models in the 333 family, may be used to analyse count data and generally require the data to be discrete, whole 334
Another important assumption of the Poisson distribution is that the mean and the variance of the 336 sample are identical. Stand F and Loco F met this requirement and therefore were analysed using 337
Poisson regression models. When the variance is greater than the mean, (eg. the variance of Mot F 338 was nearly five times greater than its mean), the data is said to be overdispersed which can result in 339 biased standard errors if using a Poisson model. In this case, we used a negative binomial 340 distribution, which accommodates overdispersion. An additional complication, common in count data 341 regression, is having too many zeros, which was the case for 45% of the observations for Mot F. We 342 therefore used a zero-inflated negative binomial model to account for this large amount of zeros. The 343 'Behavioural Transitions' variable contained no zeros, and AIC scores indicated a zero-truncated 344 negative binomial model (type 1) was appropriate for the data. We used the function glmmADMB to 345 run all Poisson and negative binomial models. Table 2 . Residual 354 plots were checked by running the models in lme4 and using the plot() function to check for any 355 patterns in the data. Incident rate ratios and 95% confidence levels were extracted, and mean 356 predictions were also checked against observed data to ensure they did not deviate, as deviation would 357 indicate a poorly fitting model. 358
359
The variable Alert F was also count data. However, despite initial exploration indicating a Negative 360
Binomial model might be appropriate, the model did not converge. A binomial model was not 361 appropriate due to the fact that birds made no alert head movements during the Dusty substrate 362 from the analysis and running the statistical analysis using the remaining treatment would result in an 364 unacceptable loss of information. Therefore we ran a Friedman test for Alert F with bird as the 365 blocking factor, and post hoc analyses were performed using two-tailed Wilcoxon Signed Rank tests 366 applying a Bonferroni correction, resulting in a significance level set at p=0.005. 367
368
All final model outputs are detailed in Appendix 2. A Bonferroni correction was applied to account 369
for the large number of variables being tested (12 in total) using the same data set, and therefore P-370 values of and below 0.004 were considered significant 371 372
RESULTS 373
Effect of signalled rewards compared with neutral treatments 374
Behavioural transitions 375
All three rewarded sound cues (Dusty substrate, Mealworm and Normal Food) elicited a higher 376 frequency of transitions between behaviours compared with the Muted Neutral (MN) treatment (Table  377 4 and Fig. 1 ). The Dusty substrate and Mealworm sound cues also elicited more behavioural 378 transitions than the Sound Neutral (SN) treatment (Table 4 and Fig. 1) . 379 380 Insert Fig. 1 here  381   382 
"Motivated" behaviour 383
Birds also performed significantly higher frequencies and durations of "motivated" behaviour 384 (pushing and pecking at the door) following all three reward sound cues, compared with both the SN 385 and MN treatments (Table 4 and Fig. 2) . The frequency of motivated behaviour was also higher 386 following the SN sound cue compared with during the MN treatment (Table 4 and Fig. 2) . 387
Dusty substrate 389
Effect of different signalled rewards 390 392
Motivated behaviour 393
Birds performed "motivated" behaviour (pushing and pecking at the door) significantly more 394 frequently and for a longer duration following the cue signalling the Dusty substrate compared with 395 following the Mealworm and Normal Food sound cues (Table 4 and Fig. 2) . 396 397 Insert Figure 2 here 398 399
Standing 400
Birds stood still for less time in the period following the Dusty substrate sound cue compared with all 401 the other treatments (Table 4 and Appendix 3). The frequency of this behaviour was lower following 402 the Dusty substrate sound cue compared with all other treatments except the MN treatment (Table 4  403 and Appendix 3). The cue signalling Mealworm led to birds standing still for less time compared with 404 following the SN sound cue (Table 4 and Appendix 3). 405 406
Latency to access the rewards 407
After birds had entered the reward compartment, birds accessed/consumed the Dusty substrate and 408
Mealworm rewards faster than their normal food (Enter -Access Reward), and accessed the Dusty 409 substrate faster than normal food once the door had been opened (Door to Reward) (Table 4 and Fig  410   3 ). Treatment had no effect on the time birds took to enter once the door had been opened (Door Open 411 to Enter) (Table 5 and Fig. 3) . Table 4 and Table 5 here (landscape orientation) 416
Effect of signalled neutral event 417
Alert head movements 418
Birds exhibited significantly higher durations of alert head movements after the SN treatment had 419 been signalled compared with after the sound cues for all three rewards (Table 4 and Fig. 4) . The 420 frequency of alert head movements was significantly higher following the SN sound cue compared to 421 after the Dusty substrate sound cue (Table 5 and 
Locomotion 427
The frequency and duration of locomotory behaviour were not affected by treatment (Table 4 and 428
Appendix 3). 429 430
DISCUSSION 431
The results from our study confirm that hens differentially anticipate food and non-food rewards. 
Increase in activity / Behavioural transitions 446
We predicted that anticipation of rewards would cause an increase in activity, which would suggest 447 suggests preparation in order to facilitate consumption of the rewards. In the case of our non-food 458 reward, the dusty substrate, this may reflect arousal in anticipation of being able to satisfy a hard-459 wired need (Wichman and Keeling, 2008) . 460
461
It is also worth considering, however, that the differences between our findings relating to activity 462 levels and the findings of Moe et al. (2009; 2011; 2013) may lie in the experimental procedure. In our 463 experiment, hens had been trained to expect a reward in a specific location that they were able to see, 464 whereas in experiments conducted by Moe et al. (2009; 2011; 2013 ) the reward was delivered into the 465 birds' home pen after a light cue, and the birds had no ability to see the reward or the location of 466 potential rewards beforehand. The increased activity in our experiment may therefore reflect the hens' 467 motivation to gain access to the reward location after a reward was signalled, rather than wait for a 468 reward to be delivered. 469
470
We also note that there is a distinction to be made between behavioural transitions and locomotory 471 behaviour, both of which are indicators of activity. In our experiment, locomotory behaviour was not 472 significantly affected by treatment. There are many possible reasons for locomotory behaviour inchickens. Zimmerman et al.(2011) found that birds took an increased number of steps in their negative 474 treatment compared with their positive treatment (mealworm), and hypothesised that this could 475 potentially be "pacing" as a result of frustration, but they also suggest that increased locomotion is 476 typical foraging behaviour in chickens. Kostal et al. (1992) also suggested that an increase in walking 477 reflected a motivation to forage in anticipation of food. Hence, the lack of significance between 478 rewards and neutral treatments could be because there were different motivations for locomotion in 479 the different treatment; during the MN and SN treatment, the absence of a reward could have induced 480 frustration leading to pacing, or hens may have been walking or foraging more because they were 481 hungry, whereas in rewarded treatments, locomotion stemmed more from motivation to access the 482 reward. Further investigations are needed to investigate the underlying motivation for locomotory 483 behaviour during anticipation of rewards. 484 485
Behaviour reflects differences between signalled rewards 486
The analysis of the behaviours "Motivated behaviour" and "Standing" revealed differences between 487 reward treatments, which confirmed that birds were able to associate the respective sound cues with 
Behaviour reflects how birds rank rewards 495
The behavioural responses of our study appear to provide evidence that hens' preferences for rewards 496 are ranked. In a study on how food rewards are differentially expressed in hens, Moe et al (2013) 497 suggested that differences in the frequency of head movements reflected the incentive value of 498 mealworm over wholewheat. The authors also suggested a need to investigate whether cue-induced 499 behaviours may be food-reward specific. However, our experiment reveals that there were 500 both food and non-food rewards appear to evoke a general anticipatory response in which the intensity 502 of the behaviour (frequency, duration, etc.) differentiates the ranking of the reward but not the type. . 503 504 4.5 Does the anticipation of food elicit a higher intensity of behavioural expression? 505
We predicted that cues signalling food rewards would evoke a higher intensity of behavioural 506 expression. Our results confirm that anticipation of different rewards is differentially expressed in the 507 frequency and duration of some behaviours. However, it was the sound cue for Dusty substrate that 508 elicited a higher duration of pushing and pecking at the door and significantly less standing than 509 following the signals of both the other rewards, results which do not support our hypothesis. 510
511
If the higher intensity of behaviours induced by the signal for Dusty substrate reflects the hens' 512 greater motivation to access that reward compared with the others, then our results suggest that hens 513 in our experiment ranked the Dusty substrate as more attractive than the food reward. This outcome 514 does not support a previous study by Petherick et al (1993) , where motivation to access a dusty 515 substrate after deprivation was lower than motivation to access food. Furthermore, Dawkins (1983) 516 demonstrated that access to litter under restricted time conditions was deemed by hungry birds to be 517 of less value than food. However, in the same study, when birds had not been food restricted, they 518 overwhelmingly chose access to litter over food. In our experiment, birds only had access to a dusty 519 substrate during testing, and although birds in our study were food restricted, the duration of this 520 restriction did not exceed two hours. Therefore, it appears that hens may have felt satiated enough that 521 a Dusty substrate represented a more attractive reward than food. In concurrence with this idea, 522
Widowski and Duncan (2000) proposed that dustbathing is motivated by pleasure, and if there is a 523 low cost of performing dustbathing behaviour, then the fitness benefit increases. Fraser and Duncan 524 (1998) laid out the framework for this idea, suggesting that positive affective or "pleasure" states 525 evolve in "opportunity situations" rather than in "need situations". Therefore, although scientists 526 suggest that dustbathing is important for animal welfare and the incidence of sham dustbathing in 527 battery cages is deemed to be an indicator of high motivation to perform this behaviour (Olsson and 528 rather than access food reflects a higher need to perform this behaviour. 530
Despite these equivocal results, we can conclude that access to a dusty substrate is an attractive 532 resource which is important to hens, even when birds have not been exposed to this kind of substrate 533 before. Our birds' original home environment was caged, with no access to a substrate for 534 dustbathing. However, most hens performed a full sequence of dustbathing behaviour twice during the 535 five test days. (The sequence consists of scratching and bill raking in the substrate, followed by the 536 bird erecting its feathers, squatting down in the substrate, wing shaking, head rubbing, scratching with 537 one leg, and sidelying or side rubbing in the substrate). Chickens dustbathe every two days on 538 average, however they tend not to dustbathe during the morning hours (Vestergaard, 1982) which 539 highlights the fact that birds in our experiment were highly motivated to perform this behaviour 540 (testing had ended by 12.30pm on each day). If the birds did not perform the full sequence of 541 dustbathing behaviours, they spent the majority their time pecking in the substrate. Scratching, 542 foraging and pecking in litter, as well as being precursors to dustbathing, are behaviours which 543 chickens are motivated to perform in their own right (Olsson and Keeling, 2005) . In addition, 544 although no hens appeared to perform nesting behaviour during the trials in our experiment, a 545 dustbathing substrate may also be perceived as a potential nest site in a cage environment. (Smith et 546 al., 1993) . Thus, a dusty substrate can be a multi-faceted resource, and in our experiment, may have 547 also represented the opportunity to be "rewarded" for a longer period (as we allowed them access to 548 the container full of substrate for five minutes, as opposed one minute for Normal Food and 549
Mealworm respectively). 550 551
We also used the latency of the chickens to access the rewards as a proxy of motivation. The results 552
showed differences between the times taken to access the rewards, and also provide evidence that 553 suggests consistent preferences between the two food rewards. Chickens appeared to consistently rank 554 the Dusty substrate as more attractive than Normal Food, but, once in the reward compartment, they 555 reached the Mealworm reward quickest. This could be due to the fact that the mealworm represented a 556 to consume the reward quickly. The difference in speed of accessing Mealworm compared with the 558 birds' normal pellet feed supports previous findings by Bruce et al (2003) , who found that chickens 559 were highly motivated to access mealworm in comparison with five other food items. Davies et al 560 (2014) also found that anticipation of mealworm resulted in increased heart rates and head 561 movements, as well as a faster latency to reach a food bowl. 562 563
Head movements 564
In our study, the SN cue elicited significantly more alert head movements than all the reward sound 565 cues and the MN treatment. This finding does not support a previous study conducted by Moe et al. 566 (2011) which suggested that head movements are the most salient indicator of anticipatory behaviour 567 in chickens, having found that these movements were attenuated by a dopamine D2 antagonist. Head 568 movements were also found to be a more sensitive measure of arousal than heart-rate during decision-569 making in chickens (Davies et al., 2014) . However, Zimmerman et al (2011) theorized that head 570 movements imply increased vigilance in anticipation of a negative event after their study revealed 571 hens increased their head movements prior to being squirted with water. 572 573
Sound cue effect -context-mediated equivalence? 574
The fact that the SN treatment elicited the most alert behaviour (head movements) may indicate some 575 context-mediated equivalence (Molet et al., 2012) where cues that share a common context at 576 different times come to be treated as equivalent. We attempted to use simple sound cues which could 577 be easily differentiated (by humans). However, all sound cues except one indicated a reward, and this 578 contextual information may have been generalised to the sound cue for the SN (no reward) treatment. (2011) investigated whether hens could differentiate between cues signalling positive, negative and 583 neutral events. Their results showed that hens did discriminate, but as a result of the increased 584 increased attention and head movements were interpreted as resulting from birds attempting to 586 localise the source of the sound. We conclude that both sound and light cues appear to have an arousal 587 effect on hens which induces some types of anticipatory behaviour (alert head movements), whether a 588 reward has been signalled or not. 589 590
Conclusions 591
We found that hens expressed behaviour differentially in response to reward type, both food and non-592 food, and that these differences seemed to reflect the incentive value of the rewards. The frequency 593 and duration of behaviours performed were the defining factors in discriminating between rewards, 594 and therefore behaviour did not appear to be specific to food rewards. When access to a substrate 595 suitable for dustbathing was restricted, and when only slightly food restricted, chickens appeared to 596 rank a dusty substrate as more attractive than food rewards, with mealworm being preferred to normal 597 food, as determined by behavioural responses combined with the latency to access the rewards. Our 598 findings suggest that, when chickens are able to see the reward location, and a cue reliably signals 599 impending delivery of a reward, anticipatory behaviour is expressed in attempts to access the reward 600 location as well as a higher frequency of behavioural transitions, extending the range of behaviour 601 known to be expressed in anticipation of rewards. 602
